Effect of vitamin A compounds on the covalent binding of benzo(a)pyrene [B(a)P] to subnuclear components was studied using rat liver nuclei in vitro. The retinol-induced inhibition of the covalent binding of B(a)P depended both on the dose and the time of addition. Retinal and retinyl acetate were both potent inhibitors, but retinoic acid was less effective. Retinol induced marked inhibition of B(a)P binding to DNA and protein of the nuclear matrix but had little or no effect on the labeling of bulk DNA and protein in chromatin fractions. Key Words benzo(a)pyrene, covalent binding, nuclear macromolecules, nuclear matrix, retinol, retinal, retinoic acid, retinyl acetate Vitamin A and its analogues (retinoids) have prophylactic effects on some forms of chemical carcinogenesis, and a therapeutic effect on certain malignant lesions (1-9). It is interesting to consider the relationship between the effect of vitamin A compounds on chemical carcinogen metabolism and on tumorigenesis. Hill and Shih reported that retinol and other vitamin A compounds inhibit the activation of benzo(a)pyrene [B(a)P] by microsomes (10). However, the active B(a)P metabolites formed by microsomes most probably react with the nearest nucleophilic site of macromolecules in a relatively indiscriminate fashion. Thus, the metabolic activation of B(a)P by the nuclear envelope and of the high affinity localization of B(a)P metabolites in specific nuclear fractions must receive due attention.
Vitamin A and its analogues (retinoids) have prophylactic effects on some forms of chemical carcinogenesis, and a therapeutic effect on certain malignant lesions (1) (2) (3) (4) (5) (6) (7) (8) (9) . It is interesting to consider the relationship between the effect of vitamin A compounds on chemical carcinogen metabolism and on tumorigenesis. Hill and Shih reported that retinol and other vitamin A compounds inhibit the activation of benzo(a)pyrene [B(a)P] by microsomes (10) . However, the active B(a)P metabolites formed by microsomes most probably react with the nearest nucleophilic site of macromolecules in a relatively indiscriminate fashion. Thus, the metabolic activation of B(a)P by the nuclear envelope and of the high affinity localization of B(a)P metabolites in specific nuclear fractions must receive due attention.
In previous studies we found that B(a)P and its metabolites preferably bind to nuclear matrix and that d-a-tocopherol inhibits the binding of B(a)P metabolites to S. NOMI et al.
nuclear macromolecules (11) . In this paper, we directed our attention to the preferential binding of B(a)P metabolites to nuclear matrix and describe experiments which show that vitamin A compounds inhibit the covalent-binding of B(a)P to nuclear subfractions.
MATERIALS AND METHODS
Chemicals. [7,10- 
RESULTS
Influence of retinol on the covalent binding of labeled B(a)P to nuclear macromolecules B(a)P metabolites activated by nuclear envelope covalently bind to nuclear macromolecules, as found in the previous experiments (11) . The influence of vitamin A compounds on the covalent binding of B(a)P in isolated nuclei obtained from S. NOMI et al. Fig. 2 . Effects of retinol and retinal on covalent binding of 14C-B(a)P to rat liver nuclei . Rat liver nuclei (4 mg protein) were incubated with 14C-B(a)P (4 .7 µM) in the presence of NADPH generating system as described in MATERIALS AND METHODS. Retinol or retinal in ethanol solution was added at 61 µM and the same amount of ethanol (final concentration, 0.05%) was added to the control sample. Aliquots were removed during the course of incubation for radioactivity counting. Nuclear pellets obtained from 1ml of each sample were washed sequentially with 1% Triton X-100 , acetone and ethanol-ether (3:1), and remaining radioactivities were counted . Bound B(a)P is expressed as dpm per 0.8 mg nuclear protein. MC-treated rats was studied under essentially the same labeling conditions, except that B(a)P was dissolved in 10% bovine serum albumin solution instead of acetone solution. The initial addition of retinol or retinal to the incubation mixture decreased both the binding velocity and maximum binding of B(a)P to nuclei (Fig .  2) . The labeling increased linearly at first, but reached a plateau at about 90min. The addition of retinol 30min after the start of incubation also inhibited the covalent binding of B(a)P, but the addition of retinol 120min after the start of incubation , when the binding had already reached a plateau, had no effect on the following B(a)P binding (data are not shown). Tables  2 and  3 show that retinal and retinol have 
DISCUSSION
Although vitamin A compounds are under intensive study as possible preventing agents, the mechanism of the purported anticarcinogenic effects is unknown. To elucidate the effects of vitamin A compounds on the nuclear metabolism of B(a)P, the time courses of covalent binding of B(a)P in isolated nuclei were investigated with and without retinol. In the presence of retinol, there was a marked decrease in the covalent binding of B(a)P to nuclear macromolecules. As the inhibitory effect was dependent on both the dose and the time of addition, retinol probably inhibits the activation of B(a)P and/or inhibits the binding of activated B(a)P metabolites to nuclear macromolecules. Studies are under way to determine whether vitamin A compounds directly inhibit nuclear enzymes which activate B(a)P to ultimately form carcinogens. The inhibitory effect of retinol and retinal was considerable and retinoic acid was a less potent inhibitor. These results are in good accord with the inhibitory effect of vitamin A compounds on microsomal mixed-function oxidases (15), but not with the general consideration of the anticarcinogenic effect of vitamin A (16). However, with regard to the activity of anticarcinogens, a good correlation was found between anti-transforming potency and inhibitory effect on the special DNA-adduct formation of carcinogens (17). Thus, evaluations of the low potency of retinoic acid as an inhibitor are not feasible unless studies on DNA-adduct analysis are carried out.
Our previous experiments revealed that nuclear matrix was the preferable binding site of B(a)P. In the present work, the preferential binding of B(a)P to the nuclear matrix was reconfirmed using a new subfractionation process, even in nuclei labeled with low concentrations of B(a)P. The addition of retinol to the incubation mixture strongly reduces the covalent binding of B(a)P to the DNA and protein of the matrix, whereas it has little or no effect on covalent binding to bulk DNA and 
